Background: Rheumatic fever (RF), rheumatic heart disease (RHD), and congenital heart disease (CHD) are still major problems among Thai school children. Objective: To examine trends in the prevalence of RF/RHD and CHD along with the socioeconomic status of school children in urban Khon Kaen, northeastern Thailand. Methods: We conducted cross-sectional survey of 8,555 school children aged 5-15 years from 4 schools in urban Khon Kaen from January to March 2006. Pediatric cardiologists examined the school children and all cardiac diagnoses were confirmed by echocardiography. Socioeconomic data were also collected. Schools were divided into high and low socioeconomic status (SES) schools, based on the prevailing levels of parental education and household income. All positive cases of heart disease were followed and reviewed at a university hospital up to December 2013. Results: Of 8,555 children examined, 2 had RF/RHD, and 10 had CHD. The prevalence of RF/RHD was 0.23 per 1,000 (95% CI 0.03-0.84), and the prevalence of CHD was 1.2 per 1,000 (95% CI 0.56-2.15). Prevalence of RF/RHD among urban school children in the center of northeastern Thailand had declined from 1.13 to 0.23 per 1,000 since 1986. The indices of socioeconomic development revealed marked improvement during this 20 year interim. The prevalence of RF/RHD was higher among low SES schools (4.6 per 1,000) compared with high SES schools (0 per 1,000). Conclusion: There is a low prevalence of RHD in school children in this region compared with the period before 1986.
Brief communication (Original)
Many previous studies have confirmed that rheumatic fever (RF), rheumatic heart disease (RHD), and congenital heart disease (CHD) are major problems among school children [1] [2] [3] [4] [5] [6] [7] .
Although rheumatic fever (RF) and rheumatic heart disease (RHD) have virtually disappeared from most parts of the developed world, they continues to be a public health problem in developing countries [7] [8] [9] [10] . The prevalence of RF/RHD varies from country to country, within different geographical regions in the same country, and among rural to urban settings. The prevalence also differs within the same region among populations having different ethnic origins [10] . Most reported studies of RF/RHD in Thailand originated from large hospital-based tertiary centers [7] [8] [9] . The few reported prevalence rates of RF/RHD in school children varied from 1.1−2.1 per 1000 aged 5−15 years in the 1970s and 1980s [3] [4] [5] [6] . Epidemiologic data of RF/RHD in Thailand are scarce [3] [4] [5] [6] and are not up to date [3] [4] [5] [6] .
Heart diseases in children, including RHD and CHD, are not generally reported to the public health departments. Therefore, estimating the prevalence in different geographic and climatic areas, in specific age groups, in varying socioeconomic levels, and in different ethnic populations needs to be done by survey. Reliable data of RHD and CHD prevalence are needed for planning and budgeting to provide long-term care for affected children. Therefore, a study to determine the epidemiological trend of RF/RHD and its association with changes in socioeconomic status (SES) in school children aged 5−15 years in Khon Kaen was conducted, using the same screening method as was done in the most recent survey conducted in the area in 1986.
Materials and methods

Setting
Thailand is divided into 4 regions; central, northern, northeastern and southern. Khon Kaen province is located in the center of northeastern Thailand at 16.4467 N latitude, 102.833 E longitude, and 167 meters above sea level. According to the 2006 census, the population of Khon Kaen province was approximately 1.7 million. Khon Kaen city is located at the center of Khon Kaen province. Khon Kaen University's Srinagarind Hospital is a large 1,100 bed referral facility located within Khon Kaen city [11] . This study targeted urban school children to study impact of changes in SES on the prevalence of RF/ RHD and CHD and compare findings with a previous study in 1986 (Table 1) [4] . The economic parameters in this geographic region are substantially lower than in Bangkok or in central, northern, or southern regions of Thailand (data from the most recent census).
Thailand has had universal health care coverage since 2001, and people can access health services in their district and, if necessary, be referred for specialist treatment.
Diagnostic criteria
Mitral regurgitation was characterized by a pansystolic murmur maximal at the apex with radiation to the left axilla. Aortic regurgitation was clinically identified by the presence of an early diastolic murmur heard along the left sternal border [7, 8] . Systolic murmurs were graded on the scale of one to six as described by Levine [12] . Rheumatic fever and rheumatic fever recurrence were diagnosed according to the Jones criteria [13, 14] . 
Heart diseases in school children in Khon Kaen
An acute attack of rheumatic carditis diagnosis was based on auscultatory findings of either mitral regurgitation or aortic regurgitation or both in a patient who had no previous history of mitral or aortic regurgitation. Mild rheumatic carditis was defined as the presence of acute rheumatic carditis without any evidence of cardiomegaly. Moderate rheumatic carditis was categorized as radiological evidence of cardiomegaly in the presence of acute rheumatic carditis without congestive heart failure [9] .
Echocardiographic diagnosis of mitral regurgitation was based on the following criteria: presence of a mosaic color regurgitation jet in at least two planes, regurgitating flow sample covering almost the entire systole by pulsed or continuous wave Doppler imaging, and Doppler velocity regurgitation signals with pulsed or continuous waves close to that expected for the Bernoulli-predicted pressure gradient between the left ventricle and left atrium or with a mosaic color jet >1 cm [7, 8] .
RHD was diagnosed clinically in children who had mitral regurgitation, aortic regurgitation, or both [7] [8] [15] [16] . CHD was defined as a defect in the structure of the heart or great vessels that was present at birth [2, 4] .
Mitral valve prolapse was diagnosed when the left ventricle contracted, mitral valve leaflets bulge (prolapse) upward or back into the left atrium. This might cause a murmur [4] .
Innocent heart murmurs were defined as grade 1 to grade 3 systolic ejection murmurs, which tended to decrease in intensity in deep inspiration and included vibratory murmurs, pulmonary flow murmurs, systemic flow murmurs, or a soft continuous murmur of venous hum. A child with an innocent murmur had no signs or symptoms of heart disease and had a normal heart.
Study procedures
Four out of 26 schools located in the urban area of Khon Kaen city were randomly selected for the study. Schools were divided into two high and two low SES schools based on the level of parental education and household income obtained from survey data. The high SES schools had a greater average level of parental education and household income compared with the low SES schools. The crosssectional survey study covered 4 schools located in Khon Kaen city and comprising 8,555 students that were examined between January and March 2006. This study was approved by the Khon Kaen University human research ethics committee. A team of pediatric cardiologists visited the schools to conduct the survey after informing the principal and school nurse, and obtaining the written informed consent from the students and their parents.
This study included all the children in these schools aged 5−15 years. The medical histories relating to cardiovascular symptoms, rheumatic fever, rheumatic heart disease, and Kawasaki disease manifestations were carefully screened and additional information, where needed, was obtained from the students, nurses, or parents. Moreover, the level of parental education and household income were obtained for each student by asking the parents. Among the 8,555 students, 422 (4.9%) children were absent during examination days. They were revisited on following days and examined. Clinical examinations were performed by pediatric cardiologists with experience in the diagnosis of rheumatic fever, rheumatic heart disease, congenital heart disease, and other heart ailments in children.
The examination included a search for cyanosis and clubbing of fingers, palpation of femoral pulses, and auscultation of the precordial area [4] . Each child was examined in a quiet room in an upright position. A child suspected of having any positive findings was examined in both upright and supine positions. Murmurs were recorded in terms of type, location, transmission, timing, and intensity. Two qualified pediatric cardiologists independently examined the children and the auscultatory diagnoses were based on agreement by both examiners. Children who were considered to have positive findings were referred to Khon Kaen University Hospital for further evaluation. This included chest X-ray imaging, electrocardiography, and echocardiography, and the child was again examined by two pediatric cardiologists. Echocardiographic studies were performed using a Hewlett-Packard Sonos 1000 unit (Hewlett-Packard, Andover, MA, USA). Echocardiographic findings were interpreted independently by two pediatric cardiologists. A complete blood count, erythrocyte sedimentation rate, C-reactive protein test, throat swab culture for group A streptococci, anti-streptolysin O titer, and antideoxyribonuclease B titer were performed in each patient who was suspected of having RF. Children designated as having RF or RHD were treated according to a standard international protocol [7] [8] [9] and were given secondary antibiotic prophylaxis to prevent streptoccocal infections and recurrent rheumatic fever [7] [8] .
Follow-up
All positive cases for heart diseases were followed by the pediatric cardiologists of the University Hospital including clinical and echocardiographic review. This was continued until December 2013.
Statistical analysis
Prevalence is reported as cases per thousand school children. Statistically significant differences were estimated using a chi-square test or Fisher's exact test, and P < 0.05 was considered as significant.
Results
A total of 8,555 school children were examined, of which 4,352 (50.9%) were boys and 4,203 (49.1%) were girls.
The prevalence of RF/RHD in urban school children in the center of Northeastern Thailand had declined from 1.13 to 0.23 per 1,000 between 1986 and 2006 [4] . The distribution of age, sex, and urban background among study populations in the two survey studies was similar. Indicators of socioeconomic status revealed substantial improvement over a period of 20 years. This was reflected by increase in per capita income, employment rate, literacy rate, life expectancy, and health coverage, and in a decrease in crude death rate ( Table 1) .
RHD was found in 2 children belonging to low SES schools with a prevalence of 0.2 per 1,000 (95% CI 0.03-0.84). The prevalence of RF/RHD was higher in the low SES schools (4.6 per 1,000) as compared with high SES schools (0 per 1,000) ( Table 2) .
The two children with RHD had a history of RF diagnosed and treated at the Khon Kaen University Hospital ( Table 3) . One child had rheumatic mitral regurgitation and the other child had combined rheumatic mitral and aortic regurgitation.
CHD was found in 10 children with prevalence of 1.2 per 1,000 (95% CI 0.56-2.15). Isolated ventricular septal defect (VSD) was the most common congenital lesion 40%, followed by atrial septal defect 20%, pulmonary stenosis 10%, VSD with patent ductus arteriosus (PDA) 10%, tetralogy of Fallot (TOF) 10%, and double outlet right ventricle (DORV) 10% (Table 4) . Five (50%) of the 10 children including VSD (2 cases), VSD with PDA (1 case), TOF and DORV had indications for corrective surgery. The surgery was performed at Khon Kaen University Hospital and with good outcomes. an innocent heart murmur is not a disease Table 3 . Clinical courses of rheumatic fever and patients with rheumatic heart disease. 
Heart diseases in school children in Khon Kaen
Other heart diseases were asymptomatic mitral valve prolapse in 9 (1.1 per 1,000), Kawasaki disease (by history) in 1 (0.1 per 1,000), and cardiac arrhythmia of supraventricular tachycardia (by history) in 2 (0.2 per 1,000). An innocent heart murmur was found in 19.5% of the children studied. The prevalence of innocent heart murmurs showed no significant variation by age, gender, or by socioeconomic characteristics.
Discussion
The present study is the first report that documents the apparent five-fold decline in prevalence of RF/RHD from 1.13 to 0.23 per 1,000 urban school children in the center of Northeastern Thailand, between 1986 and 2006 [4] . The two-point estimation of the prevalence of RF/RHD in the same study area and using similar screening methods, after a gap of 20 years, suggests that a decline of prevalence of RF/ RHD is seen with improvement in living standards and health care services resulting in decreasing acquisition of group A streptococci (Table 1) . Moreover, this study also found that the prevalence of RF/RHD was higher in the low SES schools (4.6 per 1,000) compared with high SES schools (0 per 1,000) ( Table 2) .
Most reported data concerning RF/RHD from Thailand are hospital-based studies from large tertiary centers [7] [8] [9] . Major tertiary care centers in Thailand are located in provincial capitals. Only a few vulnerable people with rheumatic fever, such as school-aged children seek primary medical treatment from such referral centers [7] [8] [9] . Because of these limitations, a school-based study is the most worthwhile method to ascertain the actual epidemiology of RF/RHD in this most vulnerable population [3] [4] [5] . Almost all previous population-based epidemiologic surveys relied on the careful clinical examination of school-aged children, with confirmation of clinically suspected cases by echocardiography. Surveys during 1970s to 1980s showed the prevalence of rheumatic heart disease to be approximately 1.1− 2.1 cases per 1000 school children in Thailand [3] [4] [5] [6] and 1.8 to 11 cases per 1,000 school children in other developing countries [15] . Although recent reports show the high sensitivity of echocardiography in screening RHD, and that this more sensitive screening can add more cases of RHD compared with clinical examination alone, controversy concerning the specificity of echocardiographic definitions remains [16] .
The prevalence of CHD among school children in this 2006 study of 1.2 per 1,000 (95% CI 0.56-2.15) was comparable to reports from other parts of Thailand, which varied from 0.4−4.6 per 1,000 school children [2] [3] [4] [5] [6] . VSD was the most common CHD ( Table 4 ). The majority of these congenital lesions required active management or follow-up. These findings highlight the importance of input from pediatric cardiologists to facilitate the correct diagnoses of CHD.
This study had a number of limitations. First, the study was confined to one center in the northeastern region and results cannot be generalized to other parts of Thailand. Second, the actual time of occurrence of RF/RHD is uncertain. Temporal changes in disease prevalence would have been best described by continuous data collection. Third, because we did not study the profile of group A streptococci strains prevalent in the study area, the change in rheumatogenic virulence of the streptococcal strains in the study area over a period of time (20 years) could be associated with the decline in the RF/RHD cases.
Conclusion
The prevalence of RF/RHD has declined by almost five-fold over the last 20 years. This appears to be largely related to improvement in socioeconomic 
